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Abstract 
A point clouds filtering algorithm is presented based on Grid Partition using Dynamic Quad Tress and Moving Least 
Squares. First, points are partitioned reasonably and corresponding Dynamic Quad Trees indices are established. 
Second, points in grids are utilized to fit a DEM reference plane using moving least squares technology. Finally, 
ground points are separated from those non-ground ones if they are positioned above the reference plane and have a 
distance to the plane exceeding threshold value. Experiments show that this filtering algorithm is of high precision 
and identify ground points effectively without losing detailed topography information. 
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1. Introduction 
 With the rapid development of the laser altimetry technology, laser scanning has been widely used in 
many fields. The laser can get objects’ 3d coordinate information with massive data in a short time. How 
to extract the concerned information from these massive data is a hot issue in the current research [1]. 
Efficiently filtering the unwanted information from the raw data is of particular interest. Data filtering has 
been studied in many domestic literatures. Many filtering algorithms are put forward as far as concerned, 
including algorithm that based on mathematical morphology filtering [2], slope filtering [3], TIN gradual 
encryption algorithm [4] and so on. Although some achievements have been made up to now, problems 
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such as efficiency and precision of the filtering algorithm are still unresolved. Filtering of the data from 
airborne or ground Lidar are mainly based on the elevation mutation of the points, under the hypothesis 
that the points with a lower elevation are ground points while the left are non-ground ones. However, this 
may not be the situation because of the existing system error. Some algorithms construct grids through 
interpolation of the scattered points observed. In this case, error does exist between interpolated data and 
original one, resulting in the inevitable loss of precision and the deviation of the result from the actual 
situation. The filtering algorithms mentioned above belong to the semi-automatic or purely manual scope 
because of lots of manual interventions appearing in the processing. They are consuming time and labour. 
Semi-automatic algorithms usually base on a statistical analysis of the elevation value. In addition, some 
filtering algorithms are limited in application, some are available only in airborne Lidar data, some can 
merely be adopted for the ground Lidar data and some are just suitable for the terrains with small 
fluctuation. Consequently, a filtering algorithm that is simple, widely applicable and efficient is extremely 
necessary. 
Point clouds processing is a difficult task as the nature of data: massive, irregular, messy and complex. 
According to these characteristics, the algorithm presented in this paper firstly partitions point clouds into 
grids without any interpolation so as to preserve primitiveness of the data. Corresponding dynamic spatial 
indices are then constructed. By this means, point clouds can be managed conveniently and applied 
quickly so that data handling efficiency will be improved. Finally, ground points are obtained with the 
assistance of the DEM reference surface fitted from moving least squares method [5]. Iterations are 
necessary to achieve the desired precision. 
2. Key Technology and Algorithm 
2.1. Process of the Lidar point clouds filtering 
 After partitioning the massive point clouds into grids and establishing corresponding spatial indices, 
non-ground objects will be filtered automatically by filtering processing on the grids containing points. 
Results of ground points are dynamically stored in database in the form of spatial indices, providing the 
data ultilized in the next filtering iteration. 
Specific steps in the process of filtering are described as follows and shown in figure1. 
(1) Partition the massive laser point clouds into grids so as to reduce the complexity and the quantity of 
each data handling. The size of grid is determined by the intensity of points. 
(2) Establish spatial indices for the points in the grids by dynamic quad trees technique, aiming at 
convenient data managements and efficient data processing. 
(3) If the data in the grid is dense, rarefy the points by retaining the points with lowest elevation in 
every grid. 
(4) Generate a surface by moving least squares and take it as the reference surface for Digital 
Elevation Model (DEM). 
(5) Calculate the distance to the established DEM reference surface for the points within the grids. If 
the distance for a point above the surface exceeds the threshold value, it will be grouped into non-ground 
points while others ground ones and stored for later application.  
(6) Repeat step 1 to step 5 with the retained ground points until desired precision is achieved. For these 
iterations , decrease the number of grids and the allowed distance gradually. Empirical studies show that 
the grid size and distance threshold could be set as 1/2 to 2/3 of the corresponding value from previous 
iteration. Experiments show that terrain point clouds can be deserved after 3~5 iterations.    
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Fig.1. Flow chart of point clouds filtering process 
2.2. Grids Generation from the Point Clouds 
With the rapid development of laser scanning technology, the management, querying and processing 
of the massive point clouds have become the problems needed to be solved. So it is necessary to partition 
the massive data first. The level and depth of the data processing as well as the efficiency of the algorithm 
are influenced by the grids size. The smaller the data is partitioned, the lower efficiency and higher 
compression ratio it will achieve. Generally speaking, grid size is bounded by the instrument’s minimum 
sampling spacing. It is unreasonable and meaningless to divide the data below that spacing. It should be 
noticed that sampling spacing would vary with sampling distance. In general case, the measured targets 
are distributed almost in the same depth. For convenience, the plane which passes through the maximum 
depth point and is perpendicular to the viewing central axis serves as the projection plane. The points are 
partitioned into grids in this plane after projection. The size of the minimum grid should be an integer 
number of the minimum sampling spacing. Specific value depends on the complexity of the scanned 
objects, the minimum sampling spacing of the instrument and the expected compression ratio. 
2.3. Spatial Index Based on Dynamic Quad Trees  
To store and manage the grids and the Lidar point clouds efficiently, It is necessary to construct spatial 
indices between the grids and the point clouds. Only grids that contain points are investigated at the time 
of data processing and filtering for efficiency. 
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If spatial objects distributed quite uniformly, spatial index established through quad trees would be 
efficient. Meanwhile, it is relatively easy to code and maintain the quad trees. Therefore, the quad trees 
has been one of the most widely used indices in the spatial data base [11]. 
However, nonuniform distribution of the Lidar point clouds and irregular boundary shape are hard to 
be dealt with by conventional quad trees index. To get rid of this dilemma, dynamic quad trees algorithm 
is adopted to construct the spatial indices of the partition grids. The advantage of this algorithm is the 
unnecessity to determine the working domain. In this algorithm, the minimum bounding rectangle(MBR) 
center of the first object in the spatial database is taken as the center of the root node. Subdivide one node 
into four children nodes until the number of points in that node is no more than a predifined threshold 
value. 
Specific algorithm is listed below:  
Find the MBR center of the first spatial object in the data base and take it as the center of the root node. 
Subdivide the root node into four leaf nodes with respect to its center. The leaf node in some direction is 
open as shown in Figure 2. 
Calculate the MBR of the spatial object. 
Find out all the Leaf nodes that contain the spatial object. 
Judge whether the number of the spatial objects in the node exceed the allowable value. If this is the 
case, manipulate in the two ways below: 
 1) If it is a node with open boundary (such as node E in Figure 2), the MBR of the spatial objects in 
this node should be calculated. Then four children of this node are generated.  
2) Otherwise, divide this node into four new nodes directly. 
Calculate the spatial objects contained in the new nodes. 
Repeat from Step 1 to Step 5. 
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Fig.2 Spatial index of Dynamic Quad trees 
2.4. Fitting DEM reference surface with Moving Least Squares 
Least squares approximation by polynomials is widely used in smoothing and interpolating scattered 
data [6,7, 8].  In the algorithm, least squares method is used for fitting DEM reference surface from the 
obtained Lidar point clouds. DEM reference surface generated from the scattered Lidar point clouds by 
this method is quite smooth and close to the topography [9,10,11].  
In the moving least squares approximation, the interpolant function of the unknown function ( )f x is 
defined as 
1
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Where n is the number of terms in the basis, ( )ip x are the monomial basis functions, ( )i x are the 
unknown coefficients which are functions of the spatial coordinates x . 
The coefficients ( )i x can be derived by performing a weighted least squares fit. 
2 2
1 1 1
( )[ ( , ) ( )] ( )[ ( ) ( ) ( )]
m m n
h
i i
I I i
J w f f w p f
  
       I I I I I Ix x x x x x x x x x        (2) 
480  LIU Changjun et al. / Procedia Engineering 28 (2012) 476 – 482 Liu Changjun, Lijian, Zhang Shunfu and Ding Liuqian/ Procedia Engineering 00 (2011) 000–000 5 
Where ( )w  Ix x is a weighting function with compact support, m is the total number of nodes inside 
the domain of influence.  
The coefficients  α x can be obtained by the extremum of J  
J
 

A(x)α(x) - B(x)f 0
α
                                                   (3) 
Where A(x) and B(x) are given by 
   , T TA(x) P W x P B(x) P W x                                           (4) 
Therefore,   
-1α(x) A (x)B(x)f                                                               (5) 
For the approximation , similar with the conventional finite element method, we have 
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where the shape function  
-1( )k TN p x A (x)B(x)                                                         (7) 
and the superscript k is the order of the polynomial basis. 
3. Experiments and Analysis 
3.1. Filtering of the Ground Lidar Data 
The development of the software LIDARVIEW(shown in figure 5) for laser point cloud management 
and processing is based on the algorithm put forward above and is implemented via Interactive Data 
Language(IDL) programming[11~12]. IDL is a vectorized, numerical, and interactive language that 
belongs to the fourth- generation. It is popular in 3d Data Visualization, Digital Computation, 3d Graphic 
Modeling, Scientific Data Fetching and so on. IDL has a unique advantage at the processing of massive 
point clouds as it is facing to matrix completely [13]. 
To check the accuracy of the algorithm, points selected from the filtered ground data are compared 
with the GPS data collected in the same area. Point clouds collected from the Mengwa flood detention 
basin in Fu Nan, An Hui province are taken as samples, they are collected around the No.16 control point 
some day. The concerned area is about 1 square kilometers and the data is scanned at 10 locations. The 
raw data is about 2.5GB after matching and points are shown in figure 3(a). GPS data at 200 points are 
also collected for comparation. The ground points are rarefied after point clouds filtering , as shown in 
figure 3(b). Statistical comparation between these points and GPS points(shown in figure 4 after putting 
together) are listed in table 1. As it is hard for a GPS point to have a coincident point in the point clouds, 
its evaluation is compared to the nearest scanned ground point. There are some abnormal elevation points 
seen from the result in table 1. 
Table 1. Experiment on the accuracy of the algorithm proposed 
Absolute elevation difference(cm) <1 2-5 6-10 11-15 16-20 Abnormal elevation points 
The number of points 54 77 28 22 14 7 
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Fig.3. (a)Raw laser scanning point clouds;(b)Rarefied ground points after point clouds filtering 
 
  Fig.4. Laser scanned points(white) together with GPS points(red) 
3.2. Filtering of the Ground Lidar Data 
JiaoZi Mount reservoir is about 4 square kilometers in Yiliang county, Yun Nan province. Evaluation 
there ranges from 1600m to 1800m with complex topography covered by lots of vegetation. A laser 
measurement of the JiaoZi Mount reservoir by using the 3d laser scanner LMS-4201 of RIGEL Company 
has been taken. 4 square kilometers were scanned through 45 surveys.  
28,0000,000 scattered points are deserved as shown in figure 6(a). The number of ground points after 
filtering is about 12,0000,000. According to the mapping requirements, the size of grid in this filtering 
has been set to 2 meters by 3 iterations. It takes about 10 minutes for an ordinary laptop to complete the 
filtering. What is shown in Figure 6(b) is the DEM grids of size 2m constructed from the filtered Lidar 
point clouds.  
     
Fig. 5. (a)The scanned raw Lidar point clouds ;(b)The DEM after filtering  
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4. Conclusion 
In this paper, a novel automatic point clouds filtering algorithm that combines dynamic quad trees grid 
partition and moving least squares reference surface fitting is proposed. By fitting the DEM reference 
surface using moving least squares technology, the algorithm improves the precision and reliability of 
result. It has good generality to the point clouds filtering. It is able to deal with the complex and massive 
point clouds efficiently with precision assured. It has generality in processing Lidar data due to its 
automation and efficiency. Some remarks on this algorithm are made as follows:  
(1) Gridding of the Lidar point clouds that has a nonuniform distribution and irregular boundary shape 
is dealt with by dynamic quad trees. It made convenient management and efficient processing of the 
massive point clouds available. The DEM reference surface fitted by moving least squares is quite smooth 
and close to topography.  
(2) Examples show that the algorithm can distinguish ground points from non-ground ones effectively 
and accurately. It can be applied to both airborne and ground Lidar points. 
(3)The algorithm still has some problems at some special landforms such as cliff (as the cliff). In these 
areas, coordinate transformation or localized filtering algorithm can be adopted.   
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